Dilute HCl extraction followed by gas chromatography were used to determine the distribution and seasonal variation of alkaloids in Crinum moorei. Significant organ-to-organ variations were detected for the individual alkaloids crinine, lycorine, powelline, undulatine, crinamidine, 1-O-acetyllycorine, 1-epideacetylbowdensine and 3-O-acetylhamayne. Alkaloids which showed significant seasonal variations were lycorine, crinine and undulatine.
There is a considerable interest in the Amaryllidaceae alkaloids following the recognition of galanthamine as a clinically useful alkaloid for the treatment of Alzheimer's disease (Moraes-Cerdeira et al. 1997) . Pancratistatin, isolated from Hymenocallis littoralis, is another alkaloid of promise used as an anticancer drug (Pettit et al. 1986 ). Although there have been extensive chemical and pharmacological investigations on the Amaryllidaceae alkaloids, research focusing on the determination of the stage of development and organ of maximum alkaloid content in the plants are limited (Viladomat et al. 1986 , Pettit et al. 1995 . This study was undertaken to investigate the variation in alkaloid content between different plant organs of C. moorei (Amaryllidaceae) on a seasonal basis.
Plants of Crinum moorei (Hook f.) were obtained from Green Goblin Nursery in Durban and their identity confirmed by Dr TJ Edwards, Curator, Herbarium, University of Natal Pietermaritzburg. A voucher specimen (Elgorashi2 NU) was deposited in this Herbarium. The collected plants were potted using a mixture of sand and compost (1:1) in the Botanical Garden of the University of Natal. Cultural practices such as irrigation, weeding and insecticides were applied to all plants, whenever necessary.
Sampling of plant material was carried out three times a year, as follows: winter: the dormancy period (end of June); spring: the flowering period (mid-December) -plants were sampled when the flowers were fully open and before fruit setting; and summer: early February. The study was conducted during the years 1998/1999 and 1999/2000. In winter, plants were separated into bulbs and roots whereas in spring they were separated into bulbs, leaves, roots and flowering stalks. In summer, plants were separated into bulbs, roots and leaves. The plants were sliced and dried at 55°C to a constant dry weight. The dried plant material was ground to homogeneous powders and kept at room temperature until further analysis. The method developed by Bastos et al. (1996) for extraction and isolation of Amaryllidaceae alkaloids was followed with the use of crinine as standard instead of deoxydihydrocodeine.
Varian 3300 gas chromatography instruments equipped with FID and NPD detectors and a DB-5 capillary column (30m x 0.32mm i.d. x 0.25mm film thickness, J & W Scientific, CA) were used. The carrier gas was nitrogen at a head pressure of 40KPa. Oven temperature was programmed at 220°C for 1.5min and increased at a rate of 3°C min -1 up to 270°C. The programme was left at 270°C for 5min. Injector and detector temperatures were 270°C and 300°C, respectively. The injected volume was 1μl with a split ratio of 1:15. The output was recorded using a Hewlett Packard HP integrator.
The reference compounds (1-11) were isolated from C. bulbispermum and C. moorei (Elgorashi et al. 1999 (Elgorashi et al. , 2001 ). The linearity of response of the reference compounds was plotted using a concentration range between 0.2-2mg ml -1 of methanolic solution depending on the volatility of the compound. The method was sensitive to the extent that a concentration as low as 10μg ml -1 of crinine and epibuphanisine could be detected.
Statistical analysis was carried out using Residual Maximum Likelihood (REML) with Genstat 5 Release (4.1) [Lawes Agricultural Trust (Rothamsted Experimental Station, 1998) ]. REML is used for unbalanced design of an unequal number of treatments. In this study, the number of organs in different seasons were unequal. Data were logarithmically transformed, where they are not normally distributed, to ensure normality of distribution. Wald statistics was used to test the hypothesis of equality of all organs and seasons. When significant, the least significant difference test was applied to rank the different means. The experiment was conducted using five plants at each season.
Eleven Amaryllidaceae alkaloids belonging to three ring types were identified. Lycorine 1 and 1-O-acetyllycorine 2 represent the lycorine-type alkaloids; crinine 3, epibuphanisine 4, powelline 5, undulatine 6, crinamidine 7, 1-epideacetylbowdensine 8, 3-O-acetylhamayne 9 and crinamine 10 the crinine-type alkaloids while cherylline 11 is the third ring type (Figure 1 ). The alkaloids were identified by comparison of their retention times and mass spectra with corresponding pure compounds. Their content in mg per 100g of dry plant material are given in Tables 1 and 2 . The recovery of these alkaloids from the crude extract was determined by extracting crinine (chosen for its availability) in the same way as the alkaloids from the plant material. A recovery of 97% of crinine was obtained. Lycorine was excluded as a reference to determine the recovery of alkaloids due to its poor solubility in most organic solvents. Its recovery from the acidic solution may not reflect the recovery of these alkaloids.
The highest concentration of alkaloids on a dry weight basis was found in the leaves followed by the flowering stalks. The highest levels of crinamidine and other crininetype alkaloids possessing an ethano-bridge in the β-position and lacking a double bond between positions 1 and 2, undulatine and 1-epideacetylbowdensine, were found in the leaves and flowering stalks. These alkaloids represented 86-94% of the total alkaloid content of the leaf. Lycorine and 1-O-acetyllycorine were found in higher concentrations in the roots. Crinine and its derivatives epibuphanisine and pow- The levels of lycorine, crinine and undulatine varied significantly (at 5% level of significance) during the ontogenic cycle. During the year 1998/1999, bulbs had the highest lycorine, crinine and undulatine content in winter. In winter, the high levels of crinine and lycorine in the roots were similar to those of the bulbs. The highest concentration of undulatine in the root was, however, obtained in summer. The highest quantities of lycorine and crinine detected in the leaves were in summer and spring respectively.
Contrary to the first year, bulbs had the highest contents of lycorine and crinine in summer and had the lowest undulatine concentration in winter, during the year 1999/2000. The inconsistency in seasonal variation of lycorine and crinine quantities detected in the second year compared to the first year, was also noticeable in the leaves. The leaves had the highest quantities of lycorine and crinine detected in summer.
Lack of a clear trend in seasonal variation in the first year compared to the second year was also noticed in the total alkaloids detected in each organ. Bulbs had the highest total alkaloids detected in winter, whereas the highest total alkaloid content of the leaves and the roots was in summer in the year 1998/1999. In the second year, bulbs had the highest quantities of total alkaloids in summer whereas the highest concentration of the total alkaloids detected in the leaves and in the roots were in spring and winter respectively (Tables 1 and 2 ).
There is no information on seasonal and organ-to-organ variation in alkaloid yield within the genus Crinum. However, studies on ontogenic variations and distribution of alkaloids in the family Amaryllidaceae indicated that alkaloid levels in Hymenocallis littoralis and Narcissus assoanus were at their lowest when the plant flowered (Viladomat et al. 1986 , Pettit et al. 1995 . This study revealed that the seasonal variation of alkaloids detected in different organs of C. moorei in the first year of study was different from that in the second year. This might be attributed to the high variation among plants sampled in the same season. While some plants had high levels of a particular alkaloid, in others these alkaloids were not detected. In support of this, it was reported that a number of Amaryllidaceae species are self sterile and that few viable seeds are produced after self fertilisation (Koopowitz 1986) . Moreover, studies on Atropa belladonna indicated that the contradictory results in alkaloid concentration, over two consecutive years, were actually due to developmental variation of heterogenous and heterozygous samples (Dhar and Bhat 1982) .
The results showed that the quantities of epibuphanisine in the different organs was similar to those of crinine and powelline. An increase in the levels of crinine was accompanied by an increase in its derivatives powelline and epibuphanisine. It appears that the plant favours the conversion of crinine to powelline when the levels of crinine were low. A further increase in crinine is accompanied by the synthesis of epibuphanisine. 
